Preparation of PMNs. PMNs were isolated from the peritoneal cavity 13 to 15 h after an intraperitoneal injection of sterilized 0.12% glycogen in 0.9% saline as described previously (18) . The collected cells, which contained more than 96% neutrophils, were suspended at 2 x 107 cells per ml in Hanks balanced salt solution (HBSS).
Opsonization of zymosan. Zymosan particles were opsonized with homologous fresh serum at 37°C for 30 min as described previously (8) . IgG-sensitized zymosan particles were prepared by incubation of human albumin-modified zymosan particles with rabbit anti-human albumin IgG as described previously (9) .
Preparation of purified PSF. Purified PSF was prepared from phagocytosing PMNs as described previously (10) . In brief, 107 PMNs per ml in HBSS were incubated with 1.0 mg of opsonized zymosan particles per ml at 37°C for 60 min with constant shaking, washed once, and suspended in phosphate-buffered saline (PBS) to 1/10 of the original volume. Then, phagocytosing PMNs were disrupted by sonication and centrifuged at 100,000 x g for 60 min at 4°C. The resulting crude supernatant containing PSF was heated at 80°C for 30 min and then centrifuged at 100,000 x g for 60 min at 4°C to remove the denatured materials. The supernatant was chromatographed over a Sephadex G-100 column in PBS (pH 7.2) at 4°C, and the fractions corresponding to approximately 16,000 daltons were collected. The resulting material was referred to as partially purified PSF. For further purification, partially purified PSF was mixed with 1/2 volume of 40 mM Tris-5 mM phosphate-0.5 M NaCl buffer (pH 8.2) , adjusted to pH 8.2 with 0.1 N NaOH, applied to the copper chelate affinity column, and then eluted with a linear gradient from 20 mM sodium phosphate-0.5 M NaCl (pH 7.7) to 0.1 M acetic acid-0.5 M NaCl (pH 2.8). The fractions eluted at pH 3.7 were collected, dialyzed against distilled water, lyophilized, stored at -60°C, and dissolved in PBS before use. Purified PSF thus obtained showed an apparent homogeneity as determined by sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis.
Preparation of subcellular fractions of PMNs. Subcellular fractionation was performed as described previously (8 10 min, and this sedimented fraction was termed the nuclei and debris fraction. The supernatant was further centrifuged at 8,200 x g for 15 min, and the resultant pellet was termed the granule fraction. The supernatant was centrifuged at 105,000 x g for 2 h, the resulting pellet was termed the plasma membrane fraction, and the remainder constituting the supernatant was termed the cytosol fraction. All pellets were washed once and then suspended in 0.34 M sucrose to the original volume.
Polyacrylamide gel electrophoresis. SDS-polyacrylamide slab gel electrophoresis was performed in 1% SDS by the method of Laemmli and Favre (12) with a slight modification (7) . The slab gel (60 by 87 by 1 mm) with a linear 7.5 to 20% gradient of polyacrylamide was used. Electrophoresis was performed for about 2 h at 15 mA. Two-dimensional electrophoresis was performed by the method of Manabe et al. (13) . Isoelectric focusing as the first dimension was performed in polyacrylamide disc gels (1 by 60 mm), containing Pharmalytes in the pH range of 3.0 to 10.0. Isoelectric focusing was performed at 0.1 mA per tube for 30 min and subsequently at 300 V for 2 h. After isoelectric focusing, the gel was laid on the top edge of the SDS-polyacrylamide slab gel, and then SDS-polyacrylamide gel electrophoresis as the second dimension was performed as described above.
Blotting procedure. Electrophoretic transfer of proteins from polyacrylamide gel to nitrocellulose paper was performed at 20 V for 1 h in transfer buffer consisting of 25 mM Tris, 192 mM glycine, and 20% ethanol (pH 8.3), by the method of Towbin et al. (17) .
Preparation of purified anti-PSF antibodies. New Zealand White rabbits were injected subcutaneously in the foot pads and on the back with 500 ,ug of purified PSF emulsified with complete Freund adjuvant (1:1 [vol/vol]). Two weeks later, the rabbits received boosters on the back with 300 ,ug of purified PSF emulsified with complete Freund adjuvant. Bleeding for anti-PSF serum was performed 4 weeks after the booster injection.
Purified anti-PSF antibodies were obtained from anti-PSF serum by the affinity purification method of Olmsted (15) with a slight modification. Purified PSF (100 ,ug of protein) was layered over the top of the SDS-polyacrylamide slab gel, electrophoresed at 15 mA for 2 h, and then transferred to nitrocellulose paper as described above. To determine the location of PSF blotted on the nitrocellulose paper, vertical strips were cut from the sides of the nitrocellulose paper, stained with 0.1% amido black, 45% ethanol, and 10% acetic acid, and then destained with 90% ethanol and 2% acetic acid. The horizontal strip containing PSF was cut from the nitrocellulose paper, soaked in 20 mM Tris-0.9% NaCl buffer (pH 7.5; TBS) containing 10% normal goat serum for 30 min at room temperature to block sites on the strip that had not bound protein, and then incubated with 5 ml of anti-PSF serum (1:10 dilution) in TBS containing 10% normal goat serum overnight at 4°C. The strip was rinsed five times with TBS, sliced into small pieces, and placed in a 5-ml disposable syringe. Two ml of 2 M KSCN was added to the syringe and then forced through the paper after standing for 5 min at 0°C. This process was repeated twice. The eluants were combined, adjusted to the original volume with PBS, and dialyzed against PBS. The purified anti-PSF antibodies thus obtained contained approximately 6 ,ig of IgG per ml.
As a control, when preimmune serum was incubated with nitrocellulose strips containing PSF and eluted with 2 M KSCN in the same manner, no detectable amount of IgG was obtained, indicating that IgG obtained by this procedure was specific for PSF as an antigen. The IgG fraction from preimmune rabbit serum was prepared by ammonium sulfate precipitation and DEAE ion exchange chromatography (11) .
Immunoblot assay. Immunological detection of protein on nitrocellulose was performed as described previously (6) . The nitrocellulose paper containing the transferred proteins was soaked in 10% normal goat serum in TBS for 30 min at room temperature and then incubated with the purified anti-PSF antibodies (1:10 dilution) in TBS containing 10% normal goat serum overnight at 4°C. The nitrocellulose paper was rinsed five times with TBS, incubated with horseradish peroxidase-conjugated goat anti-rabbit IgG (1:2,000 dilution) in TBS containing 1% bovine serum albumin for 1 h at room temperature, and then rinsed five times with TBS containing 0.05% Tween 20. To develop the staining, the nitrocellulose paper was exposed to TBS containing 0.5 mg of 3,3'-diaminobenzidine tetrahydrochloride per ml and 0.05% H202. The reaction was terminated after 30 min by washing with cold water. The visualized nitrocellulose paper was dried under filter papers and stored. In one experiment, densitometry was performed with a Shimadzu CS-910 thinlayer chromatography scanner set at 550 nm in the reflectance mode (5) . The values of scan area were expressed in terms of weight of chart paper.
Assay for phagocytosis. The phagocytic activity of PMNs was assayed as described previously (8, 9) . In brief, a 0.4-ml Purified anti-PSF antibodies ( Ag/ml) sample of PMN suspension (106 cells per ml) in HBSS supplemented with 20% heat-inactivated guinea pig serum was placed into a 35-mm plastic petri dish containing two glass cover slips (22 by 10 mm). Cells were permitted to adhere to the cover slips for 1 h at 37°C, and then the cover slips were washed twice with HBSS to remove nonadherent cells. Phagocytosis was initiated by the addition of 0.24 ml of opsonized zymosan suspension (107 particles per ml) to the PMN monolayer in a petri dish with or without PSF in a total volume of 2 ml unless otherwise noted. After incubation at 37°C for 10 min, the cover slips were washed with HBSS, fixed with ethanol, and stained with Wright-Giemsa, and phagocytosis was determined microscopically. The phagocytic index was defined as the percent positive ingestion multiplied by the average number of ingested particles per cell (14) .
RESULTS
Effect of purified anti-PSF antibodies on phagocytosisstimulating activity of PSF. First, to determine whether the purified anti-PSF antibodies obtained would retain the capacity to bind to PSF, the effect of the purified anti-PSF antibodies on the phagocytosis-stimulating activity of PSF was examined. It is shown in Fig. 1 that PSF (5 ,ug/ml) enhanced the phagocytosis of complement-opsonized zymosan particles by PMNs, and this phagocytosisstimulating activity of PSF was inhibited by the purified anti-PSF antibodies in a dose-dependent manner and completely inhibited by 20 ,g of the purified anti-PSF antibodies per ml, whereas 20 ,ug of the IgG fraction per ml obtained from preimmune serum did not inhibit PSF activity. When the effect of the purified anti-PSF antibodies on Fc receptormediated phagocytosis was tested, the purified anti-PSF antibodies (20 ,ug/ml) did not influence the phagocytosis of IgG-sensitized zymosan particles by PMNs (data not shown).
Detection of proteins which react with the purified anti-PSF antibodies. Using the purified anti-PSF antibodies, we tried to detect the subcellular localization of proteins which have an antigenic determinant common to PSF. The purified anti-PSF antibodies reacted with the 16K protein, which corresponds to PSF in electrophoretic mobility (10) , in the granule fraction from phagocytosing PMNs (Fig. 2) . However, this antibody-stained 16K protein was not observed in resting PMNs. In this experiment, we confirmed that phagocytosis-stimulating activity, which was found only in the granule fraction from phagocytosing PMNs, was inhibited by purified anti-PSF antibodies. These results support our earlier report that PSF is generated in the granule fraction of PMNs during phagocytosis (8, 10) . The purified anti-PSF antibodies also reacted with the protein with an apparent molecular weight of 36,000, in the granule fractions from both resting and phagocytosing PMNs, indicating that PSF and the 36K protein share a common antigenic determinant that is recognized by purified anti-PSF antibodies. When preimmune serum (1:100 dilution) was used instead of purified anti-PSF antibodies, no visible band was observed, indicating a lack of nonspecific staining. It has been reported that the higher-molecular-weight form of lymphocyteactivating factor produced by stimulated human mononuclear cells may actually be a complex of the lowermolecular-weight lymphocyte-activating factor with a human serum component(s) (16 (Fig. 4B and D) .
DISCUSSION
Our previous report suggested that the generation of PSF by PMNs would result from the activation of PSF precursor during phagocytosis (8) . It seems likely that PSF precursor has an antigenic determinant common to PSF. On the basis _ _~<,p _ of this assumption, we attempted to identify the PSF precursor by immunoblot assay with purified anti-PSF antibodies. In general, even if highly purified material is used for immunization, there remains the possibility that antibodies against trace, but highly antigenic, contaminants are present in whole antiserum. To eliminate this possibility, we purified only anti-PSF antibodies specifically from whole antiserum by the affinity purification method of Olmsted (15) and used +T them for the identification of the PSF precursor.
The purified anti-PSF antibodies recognized not only the 1 16K protein corresponding to PSF but also the 36K protein in the granule fraction of pMNs (Fig. 2) , indicating that PSF and the 36K protein share a common antigenic determinant. The close relationship between the appearance of PSF and the decrease of the 36K protein during phagocytosis by PMNs (Fig. 3) (10) . There still Incubation time ( min ) remained the possibility that one of these basic proteins, Zelationship between the levels of PSF and the 36K especially cationic protein, is a precursor of PSF, because it PMNs during phagocytosis. PMNs (107 cells) were has been reported that cationic protein in the granule fracvith 6 x 107 opsonized zymosan particles in a total tion of PMNs has an apparent molecular weight of 36,000 .0 ml at 370C for 0, 10, 20, 30, 45, and 60 min. After (10) . In the present study, however, we found that the 36K the cells were disrupted by sonication. Each sample (20 protein corresponding to the PSF precursor has a pl of 6.5 jected to SDS-polyacrylamide slab gel electrophoresis (Fig. 4) 8.7) , the PSF precursor is rather acidic (pl 6.5), suggesting that it has a highly acidic portion in its molecule.
It is well known that a number of polypeptide hormones, more than 20 min after the beginning of such as insulin (2), nerve growth factor (1), and enkephalins sis, whereas the 36K protein was already detected (4) , are synthesized as higher-molecular-weight precursors ing PMNs (Fig. 3A) . The (Fig. 4D) , whereas the spot with a cleavage during phagocytosis. 
